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Optimizing the antagonistic effects of water hardness on the efficacy of 2,4-D plus
MCPA by adding ammonium sulfate to control broadleaf weeds in wheat fields
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Table 1. Characteristics of the soil samples of the test site

Texture class pH EC (dS m?) O.M (%) N (%) P (mg kg?) K (mg kg?)
Loam soil 7.91 2.38 0.07 16.83 112
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Table 2. Mean square for the main effects and interactions of herbicide dose, hard water, and ammonium sulfate (AMS)
on weed density, weed dry weight, and wheat seed yield.

Factor Df Weed density Dry weight Seed yield
Block 3 1.74m 4.64" 2116.60"™
Herbicide dose (HD) 1 379.69™ 55.88™ 33974.60™
Hard water (CaCO3) 2 143.58™ 57.40™ 13383.50™
Adjuvant (AMS) 1 188.02™ 61.77" 4451.00"
HD x CaCOs 2 36.00™ 5.72" 783.80™
HD x AMS 1 11.02" 0.19" 1521.00™
CaCO3 x AMS 2 54.33" 8.14™ 1256.70™
HD x CaCOsx AMS 2 14.08" 5.34" 50.00™
Error 33

CV (%) 174 21.9 9.9
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«"and "**" are significant at the 5% and 1% probability levels, respectively, while "ns" indicates non-significance.
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Figure 1. The effect of doses of 2,4-D plus MCPA (75 and 100 recommended doses) and CaCOs3 concentrations (0, 500,
1000 ppm) in the use and non-use of ammonium sulfate (0 and 2%) on the density of broadleaf weeds in wheat fields.
Vertical bars indicate the standard error (SE) of means, and bars with the same letter indicate no significant differences
according to LSD at P < 0.05. The recommended dose of 2,4-D plus MCPA in Iran is 1012.5 g ae ha™.
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Table 3. Relative frequencies of dominant weeds and other weed species in the field under the influence of different

treatments
Treatment Relative frequency (%)
Herbicide dose caco
(% of 3 Ammonium Veronica Descurainia Lamium
Concentration . . . . Other
recommended sulfate (%) persica Poir. sophia L. amplexicaule L.
dose) (ppm)
75 0 0 14" (0.40) 44(0.71) 61° (0.41) 21b (0.41)
0 2 38% (1.22) 0¢ (0.00) 489 (0.82) 149 (0.82)
500 0 117 (0.40) 3% (0.00) 78% (1.41) 89 (0.82)
500 2 37¢(0.40) 9 (0.82) 377(0.82) 17¢(0.82)
1000 0 199 (0.82) 2¢7(0.71) 70° (0.41) 9¢f (0.41)
1000 2 227 (0.41) 5¢(0.41) 62° (0.82) 11°¢(0.41)
100 0 0 642 (1.63) 0¢ (0.00) 367 (0.82) 0" (0.00)
0 2 13" (1.47) 0¢ (0.00) 812 (0.41) 69 (0.82)
500 0 44 (1.63) 0¢ (0.00) 501 (1.78) 69 (0.00)
500 2 39 (0.58) 1% (0.00) 60° (0.82) 0" (0.00)
1000 0 13" (0.41) 22%(0.82) 229 (0.71) 432 (1.22)
1000 2 41°(0.41) 0¢ (0.00) 44° (1.63) 15% (1.22)

Sl (s gme D3l 2aS) LSD 03T olil p aolie g o b oo 5 0be 02w 55 cditead (£SE) 51kl glallas 551, 53 ol )l slia
Ll S 55 el U3l @fwm 1t 53 T gl + $3, 5 5 odbas 5 53 iyl /0 ozl e )3 (5l e

Values presented in the parentheses are standard errors (+SE). In each column, means with similar letters do not have a
significant difference in the probability level of 0.05 based on the LSD (least significant difference) test. The
recommended dose of 2,4-D plus MCPA in Iran is 1012.5 g ae ha ™.
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Figure 2. The effect of doses of 2,4-D plus MCPA (75 and 100 recommended doses) and CaCOj3; concentrations (0, 500,
1000 ppm) in the use and non-use of ammonium sulfate (0 and 2%) on the dry weight of broadleaf weeds in wheat
fields. Vertical bars indicate the standard error (SE) of means, and bars with the same letter indicate no significant
differences according to LSD at P < 0.05. The recommended dose of 2,4-D plus MCPA in Iran is 1012.5 g ae ha™.
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Figure 3. The effect of 2,4-D plus MCPA doses (A) and CaCO3 concentration (B) on wheat seed yield. Vertical bars
indicate the standard error (SE) of means, and bars with the same letter indicate no significant differences according to
LSD at P < 0.05. The recommended dose of 2,4-D plus MCPA in Iran is 1012.5 g ae ha™.
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Figure 4. The relationship between wheat seed yield and weed infestation, as measured by weed density (A) and weed dry
weight (B).
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Optimizing the antagonistic effects of water hardness on the efficacy of 2,4-D plus
MCPA by adding ammonium sulfate to control broadleaf weeds in wheat fields

M. Mirzaei'”", E. Zand?, A. Hasanfard®, M. H. Zamani* and S. Jabbari-nick®

Abstract

The antagonistic impact of hard water on herbicides has led to a decrease in their efficacy. This has
created a need to find an appropriate solution to enhance efficacy in weed control in agricultural fields. The
study agents included 2,4-D plus MCPA (U 46 Combi Fluid, 67.5% SL), which is an auxin-like herbicide. It
is selective and systemic, and was used at two levels: 75% and 100% of the recommended dose in Iran
(759.375 and 1012.5 g ae ha—1, respectively). The hardness of the carrier water (CaCO3) was tested at three
levels: zero (deionized water), 500 ppm, and 1000 ppm. Additionally, the study examined the use (2%) and
non-use (zero) of ammonium sulfate ((NH4)2S04). The highest density of broadleaf weeds, with 18 plants
per square meter, was observed when applying 75% of the recommended dose of herbicide with maximum
water hardness (1000 ppm calcium carbonate) and without using ammonium sulfate. Lamium amplexicaule
L., with a relative frequency of 70%, accounted for the highest weed density in this treatment. The use of 2%
ammonium sulfate in the treatment of 75% and 100% of the recommended dose of herbicide, along with
calcium carbonate (1000 ppm), led to an increase of 28% and 75%, respectively, in weed control compared
to not using it. Based on the analysis of variance, the interaction of experimental treatments on wheat seed
yield was not significant. The yield of wheat grain when applying 75% and 100% of the recommended dose
of herbicide was 462 g m-2 and 515 g m-2, respectively. Additionally, at calcium carbonate concentrations
of 0 ppm, 500 ppm, and 1000 ppm, the yield was 522 g m-2, 474 g m-2, and 471 g m-2, respectively.
Generally, it is suggested to use 2% ammonium sulfate to optimize the efficacy of herbicides, such as 2,4-D
plus MCPA, in areas with hard water.

Keywords: Ammonium sulfate, Calcium carbonate, Lamium amplexicaule L., Optimizing herbicide, Seed
yield.

Received date: 18 October 2023 Accepted date: 03 February 2024
1- Researcher, Department of Weed Science, Iranian Research Institute of Plant Protection (IRIPP), Tehran, Iran.

2. Professor, Department of Weed Science, Iranian Research Institute of Plant Protection (IRIPP), Tehran, Iran.

3. PhD in Weed Science, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran.

4. Master's degree, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran.

5. Researcher, Department of Weed Science, Iranian Research Institute of Plant Protection (IRIPP), Tehran, Iran.
*-Corresponding author. E-mail: v_yosef@yahoo.com



